Abstract
design philosophies are presented.
The most important feature is the installation of two mode measuring systems that enable the complete modal structure (all circumferential and radial orders) of both the inlet and exhaust ducts to be determined.
A sample of data for two configurations, rotor alone and rod/rotor interaction are presented.
In-duct modal data for rotor alone reveals minimal extraneous modes that might interfere with any interaction modes being investigated.
The rod data shows strong interactions for the expected modes. High resolution spectral and spacial far-field data reveal a directivity pattern consistent with the modal structure.
The unique ability to view both far-field and in-duct modal structure makes this test bed well suited for the test and development of fan active noise control systems. Figure I with both the ICD installed and a bare inlet.
Structure and Drive Train
The ability to test the rotor alone with no vanes or struts in the duct made for a difficult structural and acoustic problem.
The load path between the fan and the duct had to be long. The fan had to be rigidly supported to maintain tight blade tip clearances (0.03 in). These problems were solved with the structure and drive train shown in a top view in Figure 2 A column supports the fan and associated structure at a centerline height of 10 ft. The column rests on a moveable base that provides the ability to move the ANCF from the far-field arena when only in-duct testing is required.
Fan RQtor and Duct
The fan duct and rotor of the ANCF is shown in Figure  3 . The inlet and exhaust in-duct modal structure from BPF to 3BPF, as well as far-field narrowband measurements were taken from 1520 to 1886 RPM.
In addition, the 14 rod modal data projected to the farfield using a finite element code is compared to the actual far-field data. All the data shown is for the rotor set to a blade pitch angle (as measured at the hub) of 40 degrees.
Comparison of the Modal Structure of Rotor Alone Versus Rod/Rotor Interaction
The inlet modal structure at BPF measured at the entrance (upstream end of the constant area section) of the inlet is compared at the maximum corrected speed of 1886 RPM in Figure 4 . The modal structure is portrayed in the form of a 3-D bar graph with the mode power, PWL referenced to 10-12 watts plotted against both circumferential (m) and radial (n) orders.
The The 3BPF plots are very similar to the inlet plots (Fig. 6) 
Effect of Fan Speed on the Interaction Modes
The strength of the interaction modes in terms of power is shown in Figure 12 for both inlet and exhaust at BPF and 2BPF. The 14 rods generate an m=2 at BPF and only one radial order can propagate, (2,0). In the inlet, this mode power increases with speed up to 1700 RPM and then has a relatively fiat response with increasing speed. A similar behavior is displayed in the exhaust with levels somewhat higher than the inlet. The inlet data at 2BPF shows the m = 4 modes from the 14 rod interaction and the m=-I from the ICD. Most of these modes increase with speed from 1520 to 1886 RPM. The (4,1) mode has a more erratic behavior and has lower levels than (4,0). It should be noted that this mode is cutoff at the lowest speed shown, for the inlet only. The ICD, m=-I modes are well below the 14 rod modes.
The exhaust modes show similar behavior except the (4,1) mode is less erratic. The 2BPF plot for 14 rods shows a more complicated pattern then BPF. This is primarly due to the presence ot two modes in both the inlet and exhaust, (4,0) and (4,1). The rotor alone curve is noticably higher than at BPF. This again is consistent with the modal structure (Figs 5(b) and 8(b) 
Far-field Results

Far
Aft Radiation
The equations governing the acoustic field of the aft radiation are the same as those used for the inlet.
However, the jet shear layer from the nozzle introduces complication for the computation of the mean flow. The present computations were done on the ANCF geometry corresponding to that of the 14 rod configuration.
The far-field boundary is located at 10 D (diameters)
where far-field measurements are made. A long center body and a flanged exit characterize the aft duct geometry.
In this study the source (input) plane is the rotating rake measurement plane of the inlet or exhaust duct. for the code to predict slightly more radiation at higher angles. At angles between 60 and 100 degrees both inlet and aft radiation mix and since they are coherant the possiblity for interferance exists. This is most evident at 1700 RPM where there are abrupt changes in directivity. If the absolute phase of both the inlet and exhaust modes had been available from the data, the code might have been able to predict this interference pattern. It should be pointed out that the relative phase between radial orders is available and was used in the code in the 2BPF case (Fig. 15) .
The The inlet at 1886 RPM shows excellent agreement between the code and data despite a two lobe pattern. The exhaust comparison reveals a small shift to the right for the prediction as in the BPF case.
As in previous plots, at 1700 RPM there is good agreement with a progressive shift to the right for the prediction as the farfield angle increases.
The two lobed pattern in the inlet is missing at this speed, due to low level of the (4,1) mode. The modal structure was measured at two different axial locations in the inlet duct. At both the inlet entrance, and at location near the fan, the measured modal structures were almost identical.
Concludin_ Remarks
High resolution
spectral and spacial farfield data were also obtained.
These data reveal a directivity pattern consistent with the modal structure.
The far-field noise floors for both the fan tone and broadband noise were more than adequate. t-
